Abstract: The thermodynamic data (Α-values) for some substituents located at position 2 of the 1,3-dioxane ring are calculated from the ratio (measured by GC-MS and NMR) of cis and Irans isomers of some 2,4,6-substituted-l,3-dioxanes obtained by the condensation reaction of meso 2,4-pentanediol with several aldehydes and ketones. The stereochemistry of these compounds is deduced from high-field NMR experiments.
Introduction
The free conformational enthalpy of a substituent located at a six-membered ring (e.g. 1,3-dioxane, Scheme-1) is defined as the difference between the free enthalpy of the conformer exhibiting the substituent in axial orientation and the free enthalpy of the conformer showing the same substituent in equatorial position (A R = AG°= G°M-G°I, Scheme-1).' The free conformational enthalpy of a substituent (R) is denoted with A R and it exhibits a positive value if the substituent prefers the equatorial orientation. Negative Α-values are characteristic for the substituents displaying a preference for the axial position. The Α-values are calculated using the relations A = AG°= -RTlnK; Κ = n M / Πι (n M and ni are the populations of conformers I and II, Scheme-1).
Scheme-l
The A values for many substituents of the 1,3-dioxane ring were determined using the equilibrium between cis and Irans isomers. 2 " 4 The investigated compounds exhibit a substituent with high Α-value ("holding group") which strongly prefers the equatorial orientation (G, Scheme-2) and another substituent (R; the investigated one) which can occupy alternatively the equatorial and axial orientations generating cis and Irans isomers (e.g. the 2,5-substituted-1,3-dioxane derivative of Scheme-2). Cis and Irans isomers are separated and after that, starting from a single isomer, they are equilibrated (usually by the opening and the closure of the ring under acidic conditions) and the ratio of cis and Irans isomers at equilibrium is measured by different methods. It is assumed that the ratio of cis and trans isomers of the disubstituted 1,3-dioxane (Scheme-2) is equal with the ratio of conformers II and I of the monosubstituted 1,3-dioxane of scheme-l. In these conditions the determination of the ratio of cis and. Irans isomers of the disubstituted 1,3-dioxane makes possible the calculation of Α-value for R group at position 5 of the 1,3-dioxane ring (in the given example).
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New 2,4,6-substituted 1,3-dioxanes: synthesis, stereochemistry and thermodynamic data The synthesis of many 1,3-dioxane derivatives is performed by the acetalisation reaction of different 1,3-diols and the corresponding aldehydes or ketones, using PTSA (para-toluene sulfonic acid) or other acids as catalyst. This procedure involves the chemical equilibrium which is generally shifted toward the acetals by removing the water formed during the reaction. If the target compounds exhibit cis and trans isomers, during the synthesis the equilibrium is established between the possible configurational diastereoiosmers, too. The ratio between these isomers, as they resulted from the synthesis, can be used for the calculation of the Α-values for different substituents. As a conclusion, if the ratio between the cis and trans isomers in crude products is measured with satisfactory precision by NMR spectra or/and by GC-MS the Α-values can be determined without the separation of diastereoisomers and their separate equilibration.
We considered of interest to determine the axial or equatorial preference of some unsaturated groups and of some substituted methyl groups in new 1,3-dioxane derivatives and to determine thermodynamic values using the ratios of possible cis and trans isomers (measured in the crude products).
Results and Discussions
A series of 2,4,6-substituted-1,3-dioxane derivatives was obtained by the acetalization reaction of meso-2,4-pentanediol (2R4S) with several aldehydes and ketones (Scheme-3). In order to establish the stereochemistry and the chromatographic identity of the derivatives 1-8 the mixtures of diastereoisomers were purified by distillation or by crystallization and then investigated by NMR and by GC-MS. The NMR spectra discriminate the two diastereoisomers (Table-1). The protons of the axial substituent at position 2 are more deshielded than the homomorphic protons of the similar substituent in equatorial orientation. The assignments of the signals were supported by the results of NOEDiff spectra. As for other 1,3-dioxane derivatives 9 ' 12 the irradiation of the signal belonging to the protons of the axial group at C Μ. Balog et al.
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produces a strong influence on the signal pertaining to the axial protons at positions 4 and 6, while the irradiation of the signal of the protons of the same group in equatorial orientation determines a weak influence, both on the signal of the axial protons at C 4 , C 6 and on the signal of the equatorial methyl groups at the same positions. 
The ratios between the two diastereoisomers ( Table- 2) were estimated using the specific signals in 'H NMR spectra ( Table-1 ) and were precisely determined by GC-MS on separated and crude products (these results were very close). Λ precision of 0.1 % in the determination of the ratio of diastereoisomers is considered. AG 0 values are calculated with a precision of ± 0.2 kJ/mol The conformational energy calculations (i.e. Α-values) showed high equatorial preference for crotonyl and cynamyl groups. The equatorial preference of these groups is lower than for alkyl and aryl groups (e.g. A Mc = 16.6 kj/mol 13 and A Ph = 13.0 kj/mol 11 ). The substituted methyl groups (CH 2 -X) exhibit a conformational energy close to that of the methyl group.
The non-polar groups, as compared with methyl group, somewhat prefer the equatorial orientation (AG" = 0.5-1.3 kJ/mol) while the polar CH 2 X groups exhibit a slight preference for the axial orientation (in the competition with methyl group; AG° = -0.4 --1.4 kJ/mol). Ethyl group exhibits a considerably higher equatorial preference than phenyl group.
The value of the equatorial preference of ethyl group vs. phenyl group for compound 8 is similar with the equatorial preference of the methyl over the phenyl group (AG 0 = -10.11 Kj/mol). 14 . The equatorial preference of the ethyl group over the methyl group at position 2 of the 1,3-dioxane ring was already determined (by other methods) and our result (AG°= 1.3 kj/mol) agrees with the reported data (AG°= 1.21-1.71 kJ/mol). 14 ' 16 For compound 4, D 1 isomer was separated by flash chromatography and was submitted to the chemical equilibration under acidic conditions. The equilibrium between the diastereoisomers was reached after 12 h (GC-MS control) and the ratio of isomers (D 2 /D' = 0.88) was similar to that obtained during the synthesis of 4
by the acetalization reaction.
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Conclusions
The stereochemistry of new 1,3-dioxane derivatives obtained by the acetalization of /nejo-2,4-pentanediol was investigated by NMR. The ratio of cis and trans isomers obtained in the crude product were measured by GC-MS. The equatorial preference of unsaturated groups (crotonyl and cinamyl) located at position 2 of the 1,3-dioxane ring was demonstrated. Non-polar CH2X groups (X = CH3, C6H5) exhibit a higher equatorial preference than methyl or phenyl groups, while polar CH2X groups (X = CI, OCH3, COOC2H5) at position 2 of 1,3-dioxane, compared with methyl group, show a slight conformational preference for the axial orientation.
Experimental 'H and "C NMR spectra were recorded using CDCI3 as solvent, in 5 mm tubes, on a Bruker 300 or Bruker AM 400 NMR spectrometer. The GC-MS study was performed on a Hewlett-Packard 6890 GC coupled with an Autospec mass spectrometer (Micromass, Manchester) of EBE geometry and OPUS 3.1. acquisition system. The resolution of diastereoisomers was performed on Optima-5MS (30 m, 0.25 mm ID, 0.25 pm, Macherey Nagel) column. The samples (0.5 μΙ) were injected at 60°C under a He flow of 0.8 ml/minute. This temperature was kept for one minute and was followed by a heating program of 10 "C / minute till 180 °C. The EI mass spectra of resolved diastereoisomers were recorded at 70 eV at the sourse temperature of 250 °C. Compounds 1-8 (General Procedure) Stoechiometric amounts of 1,3-diol (0.1 mol), of aldehyde or ketone (0.1 mol) and catalytic amounts of (0.1 g) of /Moluenesulfonic acid (PTSA) were dissolved in 200 cm 1 benzene. The mixture was relluxed and reaction H20 was removed by a Dean-Stark trap. When the H20 was separated, after cooling at room temperature, PTSA was neutralised (under stirring 0.5 h) with (2 g) sodium acetate. The reaction mixture was washed twice with 100 cm' H20. After drying with Na2S04, the solvent was removed and the compounds were purified by crystallisation from ethanol or by vacuum distillation. Before purification samples of crude product were collected for GC-MS analysis.
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